FIT probes: peptide nucleic acid probes with a fluorescent base surrogate enable real-time DNA quantification and single nucleotide polymorphism discovery.
The ability to accurately quantify specific nucleic acid molecules in complex biomolecule solutions in real time is important in diagnostic and basic research. Here we describe a DNA-PNA (peptide nucleic acid) hybridization assay that allows sensitive quantification of specific nucleic acids in solution and concomitant detection of select single base mutations in resulting DNA-PNA duplexes. The technique employs so-called FIT (forced intercalation) probes in which one base is replaced by a thiazole orange (TO) dye molecule. If a DNA molecule that is complementary to the FIT-PNA molecule (except at the site of the dye) hybridizes to the probe, the TO dye exhibits intense fluorescence because stacking in the duplexes enforces a coplanar arrangement even in the excited state. However, a base mismatch at either position immediately adjacent to the TO dye dramatically decreases fluorescence, presumably because the TO dye has room to undergo torsional motions that lead to rapid depletion of the excited state. Of note, we found that the use of d-ornithine rather than aminoethylglycine as the PNA backbone increases the intensity of fluorescence emitted by matched probe-target duplexes while specificity of fluorescence signaling under nonstringent conditions is also increased. The usefulness of the ornithine-containing FIT probes was demonstrated in the real-time PCR analysis providing a linear measurement range over at least seven orders of magnitude. The analysis of two important single nucleotide polymorphisms (SNPs) in the CFTR gene confirmed the ability of FIT probes to facilitate unambiguous SNP calls for genomic DNA by quantitative PCR.